We explore the coannihilation region of the constrained minimal supersymmetric standard model (CMSSM) being consistent with current experimental/observational results. The requirements from the experimental/observational results are the 125GeV Higgs mass and the relic abundances of both the dark matter and light elements, especially the lithium-7. We put these requirements on the caluculated values, and thus we obtain allowed region. Then we give predictions to the mass spectra of the SUSY particles, the anomalous magnetic moment of muon, branching fractions of the Bmeson rare decays, the direct detection of the neutralino dark matter, and the number of SUSY particles produced in 14TeV run at the LHC experiment. Comparing these predictions with current bounds, we show the feasibility of the test for this scenario in near future experiment.
I. INTRODUCTION
The challenges of the LHC are to discover of the Higgs boson and to search for new physics beyond the standard model (SM). The discovery of the Higgs boson was reported by the ATLAS [1] and the CMS collaborations [2] . Meanwhile no signals of new physics have been observed so far from the LHC. However the nature indicates the existence of physics beyond the SM that accounts for the shortcomings in the SM, e.g., no candidate of dark matter, the origin of neutrino mass, the baryon asymmetry of the universe, and so on.
It is a challenge to confirm the new physics from only experimental/observational data. Theoretical studies in advance are essential to identify the signatures of new physics. We now have measurement data of the Higgs boson, the relic abundance of the dark matter, and so on. What we should do, therefore, is to precisely extract probable parameter space, and predict the signatures in each scenario of new physics by using the measurement data.
One of the leading candidates of the new physics is supersymmetric (SUSY) extension. A scenario in the extension is the constrained minimal supersymmetric SM (CMSSM) which is simple but phenomenologically successful framework [3] [4] [5] . In the CMSSM, all of the observables are described by only five parameters, and these parameters are tightly connected with the property of the Higgs boson. The reported mass of the Higgs boson, m h 125GeV, suggests heavy SUSY particles [6] [7] [8] [9] . This suggestion is consistent with a null signal of exotics at the LHC. The heavy SUSY particles imply the heavy dark matter in this framework, because the lightest SUSY particle (LSP) works as the dark matter.
Cosmological and astrophysical measurements confirmed the existence of dark matter, and numerical simulations suggest that weakly interacting massive particles (WIMPs) are the most feasible candidate for the dark matter [10] [11] [12] [13] [14] [15] . In the CMSSM with R-parity conservation, the bino-like neutralino is the LSP and consequently is a WIMP dark matter candidate. The measured abundance of the neutralino dark matter can be acquired in the coannihilation region 1 . The heavy neutralino dark matter requires large coannihilation rate. The large coannihilation rate sufficiently reduces the relic number density of the neutralino, and can reproduce the measured abundance of dark matter. The large coannihilation rate needs the tight degeneracy in mass between the neutralino LSP and the stau NLSP (NLSP: next to the lightest SUSY particle) [20, 21] . Indeed in large part of parameter space wherein the mass of the Higgs boson is consistent with the reported one, the mass difference between the neutralino LSP and the stau NLSP is smaller than the mass of tau lepton, m τ [22, 23] . Such a tight degeneracy makes the stau NLSP to be long-lived charged massive particle (CHAMP) [24, 25] .
The long-lived CHAMPs can modify the chain of nuclear reactions in a stage of big-bang nucleosynthesis (BBN), and hence distort the primordial abundances of light elements. The success and failure of the nucleosyn- 1 The measured abundance is obtained also in the focus-point region in which measured abundance of dark matter can be reproduced by the large mixing of the bino and the Higgsino components [16, 17] . The latest XENON100 dark matter search, however, excludes most of parameter spaces of the focus-point region [18, 19] thesis are quite sensitive to the property of the long-lived CHAMPs, e.g., the lifetime, the number density, the electric charge, and so on . The success of the nucleosynthesis means to reproduce the measured abundances of light elements. Notice that measured abundance of the lithium-7 ( 7 Li) is reported to be inconsistent with the theoretical prediction in the standard BBN; the measured one is 7 Li/H = 1.48±0.41×10 −10 [58] and the theoretical prediction is 7 Li/H = 5.24 × 10 −10 [59] . This inconsistency is known as the lithium-7 problem [60] , and the success of the nucleosynthesis includes also solving the problem. It is important to emphasize that the success of the nucleosynthesis constrains and predicts the property of the stau NLSP.
The purpose of this work is to give theoretical clues to experimentally identify the CMSSM as the new physics in the light of the natures of the Higgs boson, the measured abundance of dark matter, and the success of the nucleosynthesis. We concentrate on the scenario wherein the mass difference of the neutralino LSP and the stau NLSP is smaller than the mass of tau lepton, and the longevity of the stau is guaranteed by the tight phase space.
Both the mass and the signal strength of the Higgs boson are correlated with parameters of the stop sector. So it sheds light on the sign(µ), m 0 , A 0 , and tan β. The predictability of the derived relations, however, is not so strong because of too large degrees of freedom of their parameter space. Besides the property of the long-lived stau is predicted/constrained from the nucleosynthesis, and is projected mainly on the values of m 0 , A 0 , and tan β. It should be noted that, combining the relations from the natures of the Higgs boson and the values of sfermion parameters from the BBN, as we will find, the linear relation between m 0 and A 0 are derived. Furthermore the degeneracy of the neutralino LSP and the stau NLSP in the coannihilation region set a relation between M 1/2 and sfermion parameters. Thus accumulating all of relations and constraints, we give theoretical clues on the parameter space of the CMSSM. Then we calculate the observables of terrestrial experiments based on the analysis. After the discovery of SUSY signals, by checking those with the calculation we make it possible to confirm the CMSSM in the near future. This paper is organized as follows. In next section we recall the framework of the CMSSM, keeping an eye on the coannihilation scenario. Then we set the constraint on some input parameters from the viewpoint of the report of the Higgs boson and the observed abundances of both dark matter and light elements. In Sec. IV, we show the predictions for SUSY mass spectrum, the anomalous magnetic moment of muon, branching fractions of the Bmeson rare decays, and direct detection of the neutralino dark matter in the allowed region. We show the number of the signals of the long-lived stau and the neutralino at the LHC experiment, and then we discuss the verification of the scenario in Sec V. Sec. VI is devoted to a summary and a discussion.
II. CONSTRAINTS
Here we show our constraints to derive the experimentally favored parameter space in the CMSSM.
Before we explain the detail of our constraints, we briefly review the CMSSM. The CMSSM is described by four parameters and a sign,
where the first three parameters are the universal scalar mass, the universal gaugino mass, and the universal trilinear coupling at the scale of grand unification, respectively. Here tan β is the ratio of vacuum expectation values of two Higgs bosons, and µ is the supersymmetric Higgsino mass parameter. In the CMSSM, we describe all observables by these parameters, and hence we can derive the favored parameter space by putting the experimental/observational constraints on the calculated observables.
From now on, we explain in more details our constraints and how to apply those to our numerical calculations. The first requirement comes from the Higgs boson mass. The latest reports on its mass, m h , are
by the CMS collaboration [61] , and
by the ATLAS collaboration [62], respectively. It is known that the Higgs boson mass calculated by each public codes fluctuates by about ±3GeV [63] [64] [65] [66] . Taking into account these uncertainties, we apply a more conservative constraint as
The second constraint comes from the observation for the relic abundance of the dark matter. The WMAP satellite reported the value at the 3 sigma level [15] ,
In most of the CMSSM parameter space, the relic abundance of the neutralino LSP is over-abundant against the measured value. The correct dark matter abundance requires the unique parameter space where the bino-like neutralino LSP and the stau NLSP are degenerate in mass so that the coannihilation mechanism works well [20, 21] . The third and fourth constraints are required from solving the lithium-7 problem. The stau NLSP is longlived if the mass difference is smaller than the mass of tau lepton [24, 25] . In the case that the stau survives until the BBN epoch, the lithium-7 density can be reduced to the measured value with the exotic nuclear reactions induced by the stau. As the third condition, we impose the mass difference, δm, to be
where mτ 1 and mχ0 1 are the masses of the stau NLSP and the neutralino LSP, respectively. With this mass difference, the stau NLSP is sufficiently long-lived so that it can survive until the BBN era [36, 49, 54] . In our numerical calculation, we use the pole mass of top quark as an input which involves an uncertainty of O(1)GeV. It is expected that the SUSY spectrum also includes the same order of uncertainties. So in the numerical results in the next section, we show also the case of δm ≤ 1 GeV,
to make more conservative prediction on the CMSSM parameters 2 . The forth constraint is the upper bound on the mass of the neutralino LSP,
This upper bound is derived from the requirement of the abundances of both the dark matter and light elements. The yield value of the negatively charged stau at the BBN epoch is required to be larger than Y BBÑ τ1
1.0 × 10 −13 , where Yτ 1 = nτ 1 /s (s is the entropy density), to sufficiently reduce the lithium-7 [54] . Assuming the enough longevity of the stau, Y BBÑ τ1 is fixed at when the ratio of number densities of the stau NLSP and the neutralino LSP are frozen out. The yield value Y BBÑ τ1 is expressed with the relic density of the neutralino dark matter Y
Here T f is the freeze-out temperature of the ratio, T f (m τ − δm)/25. The relic abundance of the dark matter is bounded (see Eq. (10)),
Here s 0 is the today's entropy density, h is the scale factor of the Hubble expansion rate, and ρ c is the critical density. Combining these facts, we obtain the upper bound on the mass of the neutralino dark matter,
Hence the upper bound on the neutralino mass is mχ0
2 In a precise sense, a too small mass difference makes the stau too long lived. If the stau lives long sufficient to form a bound state with a helium, the stau converts it another nuclei, a deuteron and a triton. Those reactions make number densities of converted nuclei too large compared with those of observations [54] . Number densities of these nuclei therefore become inconsistent with observed values through those reactions and too small mass difference is not allowed. This is, however, considerably relaxed by introducing a tiny lepton flavor violation [56] .
III. ALLOWED REGION IN THE CMSSM
In this section, we show the allowed region in the CMSSM parameter space by imposing the constraints explained in Sec. II. We calculate the SUSY spectrum, the DM abundance and other observables using micrOMEGAs [67] implementing SPheno [68, 69] , and the lightest Higgs mass using FeynHiggs [70] [71] [72] [73] .
A. A0 -m0 plane
In Fig. 1 
These linear relations come from the tight degeneracy in mass between the stau and the neutralino. We explain the linear relation as follows. Firstly we note that signs of µ and A 0 is opposite each other due to obtaining the large Higgs boson mass as we explain latter. In this scenario we choose µ > 0 and A 0 < 0, respectively. For a fixed mχ0
1
, in response to an increasing of m 0 , the mass of the lighter stau is also increased. In order to keep the mass difference to be smaller than 1GeV(0.1GeV), |A 0 | also has to be increased. Increasing of |A 0 | makes a nondiagonal element of the stau mass matrix to be large, and hence the mass eigenvalue of the lighter stau is decreased after diagonarization to be within the small mass difference. As a result, the linear behavior in the A 0 -m 0 plane is found.
One can see in Fig. 1 that m 0 in the allowed region increases as tan β increases. This is because the soft masses of the staus are more decreased for larger tan β in RG running due to the tau Yukawa couplings. The terms with tau Yukawa coupling in RGE decrease the soft masses in the running [74] . These become significant when tan β is large because the tau Yukawa coupling is proportional to 1/ cos β. Thus larger m 0 is required for larger tan β to obtain the stau mass satisfying with Eq.(6) or (7) .
The upper and the lower edges of the allowed region in all panels of the Fig. 1 are determined by the constraints of the correct abundances both of the dark matter and the light elements. This can be understood as follows. Since the dark matter abundance is depend on the neutralino LSP mass as shown in Eq. (10), the dark matter abundance gives the lower bound on the neutralino mass. On the other hand, the light elements abundance gives the upper bound as shown in Eq. (8) . The bounds for the lighter stau mass is nearly same as that for the neutralino mass due to the tight degeneracy. Therefore once A 0 is fixed, m 0 can vary in range satisfying the bound for the lighter stau mass. Thus, the upper and the lower edges are determined by the constraints.
On the other hand, the right side of the allowed region is determined by the lower bound on the Higgs boson mass. We can see from the the left panel of Fig. 2 that the Higgs boson mass reaches to 122GeV. The mass square of the Higgs boson with one-loop corrections is given by
where the first line represents the tree-level mass square and the second one is the one-loop corrections [6] [7] [8] [9] . The tree-level contribution is simply given by the Z boson mass m Z while the radiative corrections are given by the masses of the top m t , the lighter/heavier stop mt 1 /t2 , the stop mixing parameter X t , and the vacuum expectation values of the Higgs bosons, v = v 2 u + v 2 d , here v u and v d are vacuum expectation values of up-type and down-type Higgs boson, respectively. The radiative corrections are sensitive to the stop mixing parameter. As is well known, the second term in the bracket decreases quadratically from its maximum at
To obtain maximum value of |X t |, signs of µ and A 0 have to be opposite each other, and we choose µ > 0 and A 0 < 0 in this paper. The right panel of Fig. 2 shows |X t |/ √ 6mt in the allowed region for tan β = 20 and δm ≤ 1GeV. It can be seen that |X t | is smaller than √ 6mt at the right side edge, and hence the oneloop corrections are not so large that m h is pushed up to the lower bound. Similarly, the left side edge is also determined by the Higgs boson mass bound. The value of |X t |/ √ 6mt gradually becomes large as |A 0 | increases. At a large (|A 0 |, m 0 ) point, the value of |X t |/ √ 6mt is equal to 1, and therefore m h receives the maximal loop correction. In the region where |X t |/ √ 6mt > 1, the loop corrections to m h are smaller and m h decreases from the maximal value. Therefore m h is smaller than 122GeV again at the left side edge as can be seen in the right panel of Fig. 2 . 
We show in Fig. 3 the allowed region in m 0 -M 1/2 plane for tan β = 10, 20 and 30 from top to bottom and δm ≤ 1 and 0.1GeV from left to right panels, respectively. Color and the contours represents A 0 . Figure 4 shows the Higgs boson mass in the left panel and the relic abundance of the dark matter in the right panel by color on the allowed region. We fix tan β to 20 and δm ≤ 1GeV in the panels.
In Fig. 3 , it can be seen that |A 0 | is larger as m 0 is larger while it is slightly dependent on M 1/2 . This is because the lighter stau mass is mainly determined by m 0 and A 0 as is explained in Sec. III A. In the figure, we obtain m h 126GeV, at (m 0 , M 1/2 ) = (350, 1000)GeV for tan β = 10, (640, 1050)GeV for tan β = 20, and (800, 1050)GeV for tan β = 30, respectively. These points are located at the middle of m 0 and the upper edge of M 1/2 in the allowed region. The value of |X t | is equal to √ 6mt at these points, and hence m h receives the large loop corrections. Furthermore the logarithmic term in Eq. (13) becomes large as M 1/2 increases since the stops become heavy as we show later in Fig. 6 . Thus, the Higgs boson mass is pushed up to 126 GeV. The Higgs boson mass decreases as the parameters deviate from these points. In the left panel of Fig. 4 , it is clearly seen that the lower bound on the Higgs boson mass determines the left and the right edges in the allowed region. Since |A 0 | is small at the left edge, the value of |X t | is smaller than √ 6mt. Therefore m h receives a small oneloop correction. On the contrary, |A 0 | is large at the right edge, and |X t | is larger than √ 6mt. It means that m h receives a small one-loop correction as we explained in the previous subsection.
Note that the minimum value of M 1/2 in the allowed region are different in each panel. The minimum value is determined by the lower bound on the relic abundance of the dark matter. In the right panel of Fig. 4 , we can see that the neutralino relic abundance reaches to the lower bound at the bottom edge of the allowed region 3 . The minimum value of M 1/2 becomes large as tan β increases and/or the mass difference becomes small.
The tan β dependence on the relic abundance is understood as follows. In the favored parameter region, the stau NLSP consists mostly of the right-handed stau. Then the dominant contribution to the total coannihilation rate of the dark matter is the stau-stau annihilation into tau leptons via Higgsino exchange for large tan β [75] . The interactions of the stau-tau leptonHiggsino is proportional to tan β, and so the large tan β leads the large coannihilation rate of the dark matter.
Larger tan β therefore makes the relic abundance to be smaller.
The dependence of the relic number density on the mass difference is understood in terms of the ratio of number density of the stau to the neutralino. At the freeze out of total number of all of SUSY particles, the ratio is propotional to e −δm/T total f . Since the freeze out temperature T total f is almost the same for δm = 0.1 and 1GeV as long as mχ0 1 is fixed, the stau number density is relatively large for δm = 0.1GeV. This leads that the total coannhilation rate become enlarged and hence the relic number density of the neutralino is reduced. Such reduction of the number density can be compensated by increasing the neutralino mass. Thus, the minimum value of M 1/2 should be larger for larger tan β and smaller δm to meet the lower bound for the dark matter abundance.
On the other hand, the maximum value of M 1/2 is fixed from the upper bound in Eq. (8) . Note that the upper bound is derived by the fact that the large number density of the stau is required to reduce the lithium-7 to be the measured abundance. This requirement forbids too large mass of the neutralino. As there is a relation between the neutralino mass and M 1/2 , i.e., mχ0 1 0.43M 1/2 , the upper bound of M 1/2 is estimated by the neutralino mass, and is fixed to be 1TeV in the present paper.
We emphasize here that the maximum value of M 1/2 in the allowed region is unique in the parameter space. If we do not take into account the lithium-7 problem, heavier neutralino or M 1/2 is allowed, and hence the resultant range of M 1/2 is wider. 
IV. SUSY SPECTRUM, (g − 2)µ, B MESON RARE DECAYS AND DARK MATTER DETECTION
In this section, we show our predictions on the SUSY spectrum, the muon anomalous magnetic moment, rare decays of B mesons, and the dark matter direct detections. We calculate mass spectrum of SUSY particles by using SPheno [68, 69] and that of Higgs boson by using FeynHiggs [70] [71] [72] [73] .
A. Spectra of SUSY particles with current limits
We show the mass spectra of SUSY particles in the allowed region. Figure 5 shows the masses of the gluino, the first and the second generations squarks with respect to the lightest neutralino mass, respectively. From top to bottom, tan β is varied with 10, 20 and 30, and in the left and the right panels δm ≤ 1 and 0.1GeV. Similarly the masses of the stop and sbottom are shown in Fig. 6 , those of the neutralino, the slepton and the heavier Higgs in Fig. 7 , Fig. 8 and in Fig. 9 , respectively. Note that in all of figures we have excluded the region with mχ0 1 ( mτ 1 ) < ∼ 339GeV, which is the direct bound on the longlived CHAMP at the LHC [76] . We explain behaviors of these figures in following subsections.
Gluino, neutralinos and heavy Higgs boson masses
In the CMSSM, the gluino mass parameter M 3 is related to the bino and the wino mass parameter M 1 and M 2 at one-loop RGE as follows,
From this relations, we can obtain the ratio
around the TeV scale. We can see that mg is nearly 6 times larger than mχ0 . The modulus |µ| is determined by the EWSB conditions. At tree level the corresponding formula for the correct EWSB leads as 
The soft mass M 
where m 0 ≡ m 0 − b, and b is defined in Eq. (12) . Therefore mχ0 
First and Second generation squarks, sleptons masses
For the first and the second generation squarks and sleptons, the effects of the corresponding Yukawa couplings are negligible in RG evolutions of their soft masses. The soft SUSY breaking masses are parameterized up to the one-loop order as [74] , 
Note that the slepton masses are sensitive to m 0 in Fig. 8 while the squark masses are insensitive to m 0 in Fig. 5 . In Eqs. (21a) and (21b) the second term is dominant, and hence we approximate these equations more roughly as follows:
Meanwhile, in Eqs. (21c) and (21d) the contributions to soft mass from the first term is comparable to that of the second term. Therefore, the slepton masses are sensitive to m 0 .
3. Stop mass spectra Figure 6 shows the masses of the stops. Unlike in the case of the other sfermions, the distributions of stop masses are in nonlinear relation. The spread of the distributions in the lightest neutralino mass-stop mass plane is understood as follows.
The masses of the stops in mass eigenstate are given by m 2 t1,t2
where m Q3 and m U3 are the soft SUSY breaking masses, and A t is the stop trilinear coupling. In Eq. (23a) the first term is dominant, and it is a decreasing function of m 
B. Muon g − 2
We show the muon anomalous magnetic moment, (g − 2) µ , in the allowed region. The latest results on (g − 2) µ have reported that there is a 3.3σ deviation between the SM prediction and the experimental data [78, 79] :
where The sizable contributions to δa µ are obtained in the regions of small M 1/2 . When we take into account δm ≤ 1 and 0.1GeV, the dominant SUSY contributions come from the smuon-bino like neutraino loop and the muon sneutrino-charged higgsino loop. Since we took µ > 0, both contributions are positive. In Fig. 10 , the SUSY contributions in the allowed region are shown for δm ≤ 1 and 0.1GeV in the top and the bottom panel, respectively. In the panels, tan β is taken to be 10, 20, and 30. It should be noted that the muon anomalous magnetic moment is consistent with current measurements within 3σ levels in this scenario.
C. Rare decays of B mesons
We show that the branching ratios of B s → µ + µ − and B → X s γ are consistent with the experimental results.
The first evidence for the decay B s → µ + µ − has been discovered by the LHCb collaboration [80] , and the branching ratio has been measured as
It is also reported by [81] that the other important rare decay B → X s γ is strongly suppressed as BR(B → X s γ) = (3.43 ± 0.21 ± 0.07) × 10 −4 . (26) Figure 11 shows the branching ratios of the two rare decays for δm ≤ 1GeV. The top panel is for B s → µ + µ − and the bottom is for B s → X s γ. One can see that the branchig ratios are within the 3σ in our allowed region, and hence are consistent with the experiments.
D. Direct detection of neutralino dark matter
One of the promising approaches to the neutralino dark matter is its direct detection. The scenario we are discussing can be examined by the direct detection measurements combining other measurements for the Higgs boson and the neutralino LSP.
The spin-independent (SI) scatterings are given by the Higgs and squarks exchanges. The squark exchange contributions are suppressed by heavy masses of squarks m −4 q , where mq 2TeV in the scenario (see Fig. 5 ), and hence the SI scattering is dominated by the Higgs exchange contributions. In order to examine the scenario, we have to analyze the dependence of the SI scatterings on the measurements for the Higgs boson and neutralinos. The SI scattering cross section of the neutralino and target nucleon (T ) is given by [83] ,
where m T is the mass of the target nucleus. The Symbol n p (n n ) is the number of proton (neutron) in the target nucleus, and the effective coupling of the neutralino to a proton f p is given as
where
T q ≡ p|m|p /m p is the mass fraction of light quarks in a proton (listed in Table I ), and
Tq . For the neutron, f n is derived with the same manner. The effective coupling of the neutralino to quarks f q is calculated as follows, , is perturbatively calculated as follows,
In the scenario, the mass of the heavier CP-even Higgs boson is much larger than the mass of the lighter Higgs boson (see Fig. 9 ), and therefore the contribution from H exchange is negligible. Figure 12 shows the Spin-Independent (SI) scattering cross section in the allowed region as a function of the mass of the neutralino dark matter for δm ≤ 1 GeV, and tan β is taken to be 10, 20, and 30 from an upper panel to a lower one. Curves represent the current limit [84] and future limit [85, 86] . Colors correspond to the mass of the heavier CP-even Higgs boson.
In Fig. 12 , we can see that the SI scattering cross section is smaller as tan β and/or the neutralino mass is larger. Such behavior can be easily understood by Eq. (30) . We can also see from the contour lines that the lighter mass of the heavy Higgs boson leads larger SI cross sections for all tan β. This is understood as follows. The mass of the heavy Higgs boson is determined by the condition of the radiative electroweak symmetry breaking in the scenario, and is almost equal to m H µ (see the discussion in Subsec. IV A). As is given in Eq. (30), smaller µ makes the neutralino mixing to be larger value, and hence large couplings between the neutralino dark matter and the Higgs bosons are obtained. Thus a clear correlation of the mass of the heavy Higgs boson and the cross section is appeared.
In the end, one can see that future direct detection experiments will reach to the sensitivity to detect the neutralino dark matter in the scenario. The mass of the heavy Higgs boson can be estimated from the measurements of the cross section and the mass of the neutralino at the direct detection and the LHC experiments. Thus the interplay of both experiments will play important roles to examine our scenario.
V. DIRECT SEARCH AT THE LHC
We here estimate the number of events of the longlived stau and the neutralino at the LHC with the center of mass energy 14TeV, and consider the feasibility of the verification of the scenario.
We choose five sets of the CMSSM parameters in the allowed region for tan β = 20. The parameters of the sample points and the mass spectrum of the SUSY particles are shown in Table II . These points correspond to the mass of the neutralino, 350, 375, 400, 425, and 450GeV, respectively. We calculate the branching ratios and the pair production cross sections of SUSY particles with CalcHEP 3.4 [87] . The branching ratios are shown in Tables III and IV. The first column is the parent particles and the second one is the final states. The production cross sections of SUSY particles are shown in Tables V and VI. The first column σ(a, b) is the production cross sections of particles a and b from p-p collision with the center of mass energy 14TeV. The last raw of Table VI , σ(all SUSY), is the sum of the production cross sections of SUSY particles.
Using the numbers given in the Tables, we calculate the number of the stau from SUSY cascade decays and direct productions. The branching fraction of the cascade decays of a SUSY particleψ to the stau is denoted as BR(ψ →τ 1 ). The symbol σ(ψ) represents the sum of the cross sections of the SUSY particles. Then the effective total production cross section of the stau is
Since the long-lived staus penetrate the LHC detectors, the number of missing energy is calculated as follows,
where L int is the integrated luminosity. Assuming an integrated luminosity is L int = 100fb −1 , the expected number of the stau and the neutralino is 3900 and 3700 for mτ 1 = 350GeV, and 710 and 980 for mτ 1 = 450GeV (see Table VII ). These numbers will be enough to examine the scenario 4 . In Table VI , one can see that the production cross sections of stops are comparable to those of gluinos and light squarks. Those are obtained as 4.40 fb for mτ 1 = 350GeV and 2.66fb for mτ 1 = 450GeV. It is important to emphasize here that such production cross sections of stops are the results of our constraint that leads to relatively heavy SUSY spectrum. Therefore early discovery of the stop at the 14 TeV run is one of the predictions in the scenario. TABLE VII: Summary of the cross sections and the branching ratios, and number of the produced stau and neutralino. We assume the energy in the center of mass system as 14 TeV at LHC experiment. In the estimation of number of produced stau and neutralino, we assume the luminosity as 100 fb −1 .
VI. SUMMARY
We have studied the scenario of the CMSSM in which the so-called lithium-7 problem can be solved via internal conversion processes with long-lived staus. For the abundance of lithium-7 to be reduced to the observed one, we imposed the following conditions, that (i) the mass difference of the stau NLSP and the neutralino LSP is smaller than 0.1 (1)GeV, and (ii) the yield value of the stau NLSP is larger than 10 −13 . The first condition that guarantees enough long lifetime of the stau constrains the stau mass for a fixed neutralino mass, hence the scalar soft mass m 0 and the trilinear coupling A 0 , while the second one that guarantees the sufficient reduction of the lithium-7 constrains the upper bound on the neutralino mass or the gaugino soft mass M 1/2 . We analyzed the parameter space as well as the SUSY spectrum of the CMSSM by taking the recent results on the Higgs mass, SUSY searches and the dark matter abundance into account.
In Sec. III, we have shown the allowed region on the A 0 -m 0 and m 0 -M 1/2 plane for δm ≤ 0.1 and 1GeV varying tan β = 10, 20 and 30, respectively. We found a linear relation between A 0 and m 0 in all cases as given in Eq. (12) . The relation originates from the tightly degenerate mass of the stau and the relic abundance of the neutralino. It was also found that the allowed region on A 0 -m 0 plane shifts to higher scale as tan β increases. Thus the SUSY spectrum is heavier for large tan β. On the other hand, as seen in Fig.3 , M 1/2 is constrained between 750(950) and 1050GeV for tan β = 10(30). The upper bound comes from the yield value of the stau while the lower one from the small mass difference and the dark matter abundance. Thus, the conditions required to solve the lithium-7 problem play an important role to determine the allowed region of the CMSSM parameters. Notably, these results naturally lead to heavy SUSY spectrum. The bounds on M 1/2 lead to the stau mass between 310(400) and 450GeV. Such heavy staus evade the present bound from direct searches at LHC.
In Figs.5-9, we have shown the SUSY spectrum and the heavier Higgs mass in the allowed region. One can see that the whole spectrum is relatively heavy so that it is consistent with the null results of the SUSY searches at the LHC experiment. Among the spectrum, one of the important predictions is the masses of the gluino and the 1st/2nd generation squarks. In Fig.5 , it was shown that the the masses are clearly correlated with the neutralino mass. This is the direct consequences from the linear relation of A 0 and m 0 . Thus in our scenario, once one of them is determined, the others can be predicted. It is important to emphasize here that the masses of gluino and squarks are constrained between 1.6(1.8) and 2.3TeV for tan β = 10(30). These gluino and squark masses are out of reach at 8 TeV LHC run but really in reach of 14TeV LHC run. The expected numbers of the long-lived staus (nearly degenerate neutralino) to 100fb −1 are about 3900 (3700) for the light neutralino mass and 710 (980) for the heavy one, respectively. With these numbers, the long-lived stau and the nearly degenerate neutralino will be identified easily. Thus our scenario explains why SUSY has not been found yet, and at the same time predicts the early discovery of SUSY in the coming few years. The other important prediction is the stop mass. The stops are also relatively heavy in our scenario. Such stop masses gives large radiative corrections to the Higgs mass, and in fact the Higgs mass is pushed up to 125GeV in sizable regions of the parameter space. The production cross section of such a lighter stop pair is comparable to those of the gluino and the squarks, and the expected number of the stops to 100fb −1 are between 880 and 540. Thus we can expect that the lighter stops also will be found at the 14TeV run of LHC.
The SUSY spectrum is consistent with the present results on muon anomalous magnetic moment within 3 σ and b → s + γ and B s → µµ within 1 σ. The direct detection cross section of the neutralino is from 5×10 −47 to 10 −47 cm 2 and is in reach of XENON 1ton and LUX/ZEP 20ton.
In conclusion, our scenario is predictive and indeed testable in the coming 14TeV LHC run. When SUSY is the solution of the lithium-7 problem and its breaking is controlled in the CMSSM framework, the time to discover SUSY is coming soon.
